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HOWE RESERVOIR DAM
DAM-BREAK FLOOD ANALYSIS

INTRODUCTION AND PURPOSE

This report presents the findings of a dam-break flood
analysis performed for Howe Reservoir Dam. The dam is
owned, operated and maintained by the New Hampshire
Water Resources Board. Included in the report are a
description of pertinent features of the dam, the pro-
cedure used for the analysis, the assumed dam-~break
conditions, and the resulting effect on downstream
flooded areas. This study was not performed because of
any known likelihood of a dam-break at Howe Reservoir
Dam. Its purpose is to provide quantitative informa-
tion for emergency planning use.

DAM DESCRIPTION

Identification No.: NHOC095

Name of Dam: Howe Reservoir Dam

Town: Harrisville

County and State: Cheshire, NH

Stream: Tributary of Minnewawa
Brook

Howe Reservoir Dam is located in the southwestern part
of the State of New Hampshire., It is located on the
northern tip of the reservoir, about ohe mile upstream
from the village of Chesham and eight miles east of
Keene, New Hampshire. The stream from Howe Reservoir
flows into Russell Reservoir in Chesham, and from there
to Minnewawa Brook in Marlborough, which is a tributary
to the Ashuelot and Connecticut Rivers. Howe 1is
surrounded by woods on all sides. The dam consists c¢f
dry rubble masonry, capped with concrete, and an earth
fill embankment with a total length of approximately
157 feet and a maximum height of approximately 28 feet
above the streambed. The porticon of the dam consisting
of dry rubble masonry has a vertical downstream face
and an upstream face inclined about 45 degrees with a
6-inch reinforced concrete slab laid over the upstream
face. On the upstream side, a cutoff trench was
excavated to bedrock at the heel of the dam and filled
with concrete. The top width of the masonry dam is 3.5
feet and the earth embankment is more than 20 feet
wide. The spillway is located in the southern portion
of the dam with a crest elevation of 1274.5 £t. NGVD,
The concrete crest is approximately 1 foot wide and 75
feet 1long.



PERTINENT DATA

Data is taken frcm "Phase I Inspection Report" for Howe
Reservoir Dam dated May 1979.

a. Drainage Area

Howe Reservoir, shown on the U.S.G.S. map, is located
at a distance of eight miles east of Keene, New
Hampshire. This reservoir is man made. The watershed
is heavily wooded, undulated and rolling with a total
drainage area of 10.5 square miles.

b. Elevation Feet (N.G.V.D.)

(1) Top of dam - 1276.5
(2) Spillway crest -~ 1274.5

¢. Reservoir
(1) Length of normal pool - 1.4 miles
d. Storage (Acre-Feet)

(1) Top of dam - 2086 acre-feet
(2) Spillway crest - 1610 acre-feet

e. Reservoir Surface (Acres)

(1) Top of dam - 268 acres
(2) Spillway crest - 208 acres

f. Dam

{1) Type - Dry rubble masonry and earth fill
(2) Length - 157!
(3) Height - 28.5°
(4) Top Width - minimum 3.5 feet
(5 Side slopes =~

a. Dry Rubble Masonry

1. upstream - 1 vertical to 1

horizontal
2. downstream - vertical



b. Rolled Earth Fill
1. wupstream -~ flatter than 1
vertical to 2 horizontal
2. downsgstream - 1 vertical to 1.5
horizontal
(6) Zoning - not applicable

(7) Impervious core - none

(8) Cutoff - Heel - dry rubble masonry
Center - earth fill '

(9) Grout curtain - none

g. Spillway
(1) Type - Ungated concrete weir
(2) Length of weir - 75 feef
(3) Crest Elevation - 1274.5
(4) Gates - none
(5) U/S Channel - Reservoir

h. Regulating Outlet
(1) Invert - 1267.0 ft. - NGVD

(2) 8Size - 12 feet wide; 9.5 feet deep; 15 feet
long

(3) Description - reinforced concrete channel
(4) Control Mechanism - stop logs
(5) Other
{a) Description « 36" steel conduit
(b) Invert - 1259.0

(c¢) Control Mechanism - 42" gate
operated manually

4, VALLEY DESCRIPTION

The river valley below Howe Reservoir is very steep and
narrow to Russell Reservoir averaging approximately 370
feet per mile. Russell Reservoir is approximately 30
acres at normal pool elevation and 150 acres at the top
of the dam. The dam at the reservoir is approximately



10 feet high by 100 feet long measured abutment to
abutment. It is a concrete gravity dam. Below Russell
Reservoir, the valley slope becomes more moderate
averaging 44 feet per mile. The flow from Russell
Reserveoir enters Minnewawa Brook at about 0.5 miles
downstream of the dam. At approximately 2.5 miles
downstream from Russell Reservoir, the stream valley
increases in slope to 120 feet per mile through the
Town of Marlborough to the end of the study reach. The
total study reach is shown on Plate 1.

MODEL DESCRIPTION

The Howe Reservoir dam~-break analysis was made using
the NWS version, dated July 1984, of the "National
Weather Service Dam-Break Flood Forecasting Computer
Model", developed by D.L. Fread, Research Hydrologist,
Office of Hydrology, National Weather Service, NOAA,
Silver Springs, Maryland 20910, Input for the model
consisted of: (a) storage characteristics of the
reservoir, (b) selected geometry and duration of the
breach development, (¢} hydraulie roughness
coefficients, and (d) active and inactive flow regions.
Based on the input data, the model computes the dam-
break outflow hydrograph and routes it downstream. The
analysis provides output on the attenuation of the
flood stages, and timing of the flood wave as it
progresses downstiream.

ASSUMED DAM BREAK CONDITIONS

General: The magnitude of the flocd resulting from the
hypothetical failure of Howe Reservoir Dam is a
function of many different parameters including size of
breach, initial pool level and storage, rate of breach
formation, c¢hannel and overbank roughness and
antecedent flow conditions. Engineering assumptions of
conditions which could be reasonably expected to exist
prior to a failure of Howe Reservoir Dam which were
used in the analysis are presented below:

(1) Initial Pool Level: 1278.1 feet N.G.V.D., 3.6
feet above spillway crest,

(2) Reservoir Inflow: Estimated flood of record =
1700 cfs.

(3} Breach Invert: 1256 feet N.G.V.D.

(4) Breach Base Width: 60 feet, vertical side slopes
TV:OH. .

(5 Time to Complete Formation of Breach 0,5 Hour.

4



(6) Downstream Channel Roughness: Manning's "n" = .06
to .140,

(7) Pre-Breach River Flows: The pre-breach river flow
was assumed equal to the flood of record which was
estimated by using a c¢fs/sq. mi. value based on
1938 flood flows from other streams in the
vicinity of Howe Reservoir. 'Inflow to Howe
Reservoir was 1700 cfs.

RESULTS

The resulting peak stage flood profiles are shown on
plates 2, 3, and 4. Because of the scarcity of good
topographic mapping in the area, profiles are shown in
feet above normal summertime (July-August) low water
(NLW), Users of the information can establish depth of
flooding st particular properties by establishing its
relative elevation with respect to the adjacent stream
level, Variations in depth above NLW progressing
downstream, 1is attributable to changes in natural
stream hydraulic capacity as well as changes in peak
discharge.

For the dam-break analysis, the stream channel below
Howe Reservoir was modeled in three reaches. The first
reach is from the dam at Howe Reservoir to just
upstream of Russell Reservoir, The second reach
extends from the dam at Russell Reservoir downstream
approximately 2.3 miles to river mile 3.24. The third
reach extends from mile 3.35 to the end of the study
beyond the Town of Marlborough at mile 6.24, The
outflow hydrograph of the first reach was used as the
inflow hydrograph to the second reach. The same
technigque was applied for the second and third reach of
the analysis. The dam at Russell Reservoir was modeled
in the analysis. The outflow hydrograph from reach one
was routed through Russell Reservoir without failing
the dam to attain maximum pool. The dam at Russell
Reservoir was subsequently failed at maximum poocl. The
analysis indicates that Russell Reservoir has little
impact on moderating a dam failure of Howe Reservoir.
The failure of the dam at Russell Reservoir also does
not significantly increase the severity of the flooding
caused by the fzilure of Howe Reservoir Dam alcne.

The peak dam break discharge from Howe Reservoir Dam is

24,550 c¢fs producing a rise of approximately 16.8 feet
above the NLW River elevation at a point 0.02 miles
downstream from the dam. At a distance of 1.31 miles
below Howe Reservoir Dam, peak discharge is 23,770 cfs
with an associated rise over NLW stage of about 25.3
feet. At 5.27 miles below Howe Reservoir Dam, in the
Town of Marlborough, the peak discharge is 21,810 cfs
with an assocciated rise over NLW stage of 24.5 feet.



Peak discharge, stages and timing for the three
stations downstream from Howe Reservoir Dam are shown
on Plate 5. The stations are located 0.02, 1.3%1 and
5.27 miles downstream of the dam.

The input data file is in Appendix A, while Appendix B
contains the output file.
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DISCHARGE THRU TURBINES oS T 90

CD0 SHOULL NOT BE 0.0 IF OVERTOPPING HAY OCCUR

§SPILL (K1) HEALIK, 1)

0. N

5. 03

i 1.0

430, 1.5

£30, 2.0

50, 2.5

£600. 3.5
2580, £.3

DHF (INTERVAL SETWEEN INFUT HYDROGRARY JROIAATESI = 1,00 HRS.

TEH(TINE AT WHICH COMPUTATIONS TERHINATE: = 30000 HES,

INFLOK HYDROGRAPH TO ROWE RESERVEIR DaR
B R R R R R R 33

1700.9¢  1760.00 700,00 1780.04

TIME OF INFLO4 HYDROGRAPH DRDINATES
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CROSS-SECTIONAL PARAMETERS FOR MIMMNEMAR:
DELOE WOWE RESERVCIR Ben

PRRAMETER YA2IABLE YLt
RN R R L R B IR R R R R B EEE HiEE
HUKBER CF CROSS-SELTIONS iE :
HAYIEUN HURBER GOF TOP WILTHE RS 4
NUMBER OF CROSS-SECTIONAL HYDROGRAPHS 70 FLOT ATy 2

YPE GF DUTPUT OTHER THAN HyORDGHAPH PLOTS B i
CROSS-SECTIONAL SHOOTHING PARAMETER K54 g
DOUNSTREAY SUPERTRITICAL R KT T i
NO. GF LATERAL INFLOV HYVDROGRAPHZ L 1
KD. OF POINTS IK GATE CONTROL CURSE K3 G

HURBER OF CROSS-SECTION WHERE HYDRUGRAPH LESIACD
\HA? IJ?-P* Jr ?,;’If‘_;:ig BLEE = £

CROSS-SECTIONAL YARIABLED FOR MINNEWAMA 2R00X
BELO® HOKE RESERVAIR AN

,|

PARAME 2 AL
FEHE R MR s3he

LECATICN 0

ELEVATIOH
FLEY CORRE HEiK, I
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TOP WIDTH CCRRESPONDIMG TO EALH ELEY
(ACTIVE FLOW FORTIGN

TOP HIDTH CORRESPONDING T EACH ELIV
{JFF~CHANNEL PORTICN)

SURFACE AREA [ORRESFONDING T0 EACH ELEV
{ACTIVE FLOH PORT LJH)

SURFACE AREA [ORAESP f LAdH ELZV
{3 F-CHANNEL FﬂPTlJ“

”'HEEE OF CROSS-SECTION
WBER Sr CLEVATION LEVEL

{ROGE-SECTION KUNBER
FEERRFEFFRRR BRI BRI ESS

i1 = G FSTRiD = R
‘».'.' rxx if&:n: iEEE.G i;.f.t 23
B3 ... NI v SR

B33 ... S S

CROSS-SECTIOR NUMBER Z
B R R

B = e FETGH = it
TS 4 S iR
B5 ... G i
BS5 ... R Bt

REACH 1 ... .07 0B LiGd
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[
[
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.

FT BREsL I

ARES  D8AED

A nlL SRR\
ALFES JJHanshr
H
i

qbbﬁHHESS CﬂEFFiL*hN*C FOR THE GIVEM REACHES
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PARARETER EITE vARiAD
FRRFREERRRRHISIRRRE IR E LR R AR RS HHE N

RINIHUY COMPUTATIONAL DISTANCE USED Hi B
BETHEER CROSR-SECTIONG

{ONTRACTION - EYPANSION COEFFICIEMTS FRCTL
EETHEEN CROGS-SECTIONG

REACH NUNBER BERLL FRCLDL
HEEH R R B
{ RistH R

PORNSTREAN FLOW PARAKETERS FOR HIRNCHAWE BROCK
BELGH ROWE RESERVEIR (AN

PARAHETER UNITS VARIABLE VALLE
HHEHHH R F I I I R FERREEE  FRESRE  BEEEERRRG
MAX DISCHARGE AT DOUNSTREAM EXTREMITY 0F8 amaxd )

BAX LATERAL OUTFLOW PRODUCING LDBSES (FaFT Al 09
INITIAL SIZE OF TIME §7EF RR - DTHE Rl
INITIAL WATER SURFACE ELEVATION DOMNSTREAM  FT YD M
SLOPE OF CHANNEL DGHNSTREAN OF AR FTal SO 370,40
THETA HEIGHTING FACTCR THETA D
CNVERGENCE CRITERION FOR STAGE T EPSY RutlE
TIHE AT WEICK DA¥ STARTS 10 FAILL AR 1Fl L4
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barsatteastszitot sttt alatsdls

H £4¥
e GURRARY OF DUTRUT 2478 #%e
E2E i

FEUERREEEEF R IR R AR E R IR A B 44
FEEEEFER AR RN R ERERE 044448

{ROSS-SECTION  HWILE  BOTTOM REACH NB.  AEACE  SLCRE
A, ELEVATION LENGTH
FEET BILES  FT/HI
{ 20 LA
Z A 149040 { A 3.8

L

TOTAL NUMBER OF (ROGS SECTIONS {DRIGINAL+INTERPOLATED) (M) ] AANINUM ALLDMWABLE = 200

SLOPE INFORMATION FOR INPUT BEATHES

REACH ND. WATER  HYDRAULIC BOTTOM  DYWANID  TOTAL  CRITIC
ELEVATION OEPTH  SLOPE SLOPE LOPE SLEfE
FEET FEET S F/l Fi/el FTiR

(AL KARAING'S M

i 122340 G LB A0 TG54 121353 408
H 1228.50 Jy 0 372,86 - ST 0TI L E AiZ
1 124600 {324 FLB: 200 THET 4EB.A6 A0
1 17000 4040 328 LA TR 55 Adh



TOTAL YOLUKE IN RESERVOIR BEHIND
HOWE RESERVOIR DAM = 2238.0 AURE-FEET

DEFINITION OF VARIABLES IN RESERVOIR DEPLETION TABLE

UNITE  YARIABLE

PARAMETER
FHEEH S S . 2R BEERS
TIHE STEP FROM START OF ANALYSIS ]
ITERATIONE NECESSARY 10 SOLVE FLOW EGUATIONS S
ELAPSED TIKE FRGM START OF AMaLVEIS ERS TTRLL
TOTAL OUTFLOM FRON DAN s A
ELEVATION OF MATER SURFACE AT DA 1 Kz
ELEVATION OF BOTTOH OF BREACK FT i
EST DEPTH OF FLOW IMMEGIATELY OOMNSTREAH Fl I
SUBKERGENCE COEFFICIENT L
VELOCITY CORRECTION VeaR
TOTAL VOLUNE DISCHARGED FROM TIME OF 4REACK AC-FT  QUTVOL
BREACK WIDTH FT 2R
RECTANGULAR BREACH DISCHARGE {DEFFILIENT LOFR
INFLOH TC RESERVOIR {F5 gL
BREACH DUTFLOM CFS  4BRECH
SPILLBAY DUTFLOM 0F§  BEPIL
i
RESERVOIR DEPLETION TABLE
KITR 4ily H2 V3 g SUd ¥LoR  ouTvaL BB COFR gI{I}  GBRECH  @5PIL
BB HREEEE BHHHESE  BNRHEHE REERRED GRBREER BRI REER  BRREREBEER SRR BBRE HEHE HHH BHR
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3904 LE0 ZITEY 176 {ISA00 7L .99 L3? 78.7 &0.¢ 10 1, 23225, 380,
K¢ 1 5% 23630 1274.19 123600 127i.06 0 9% 139 §98.1 80,0 310 1700, 219, 325,
61 1 500 2HTH 127610 1236,00 270,97 .99 .39 MT.A 8.6 310 tTeg, 22984, 190,
621 610 233 1ETRGY 4256.0G (270,89 %% LR9 3L LG LK {790, 22547, 434,
63 1 k20 3MsR 127593 1256.00 {270.82 .99 L.19 354,3 40.0 3.10 1700, 24743, 42,
6 1 L6360 23016 127384 156,00 1276.75 .99 139 5754 600 LK 10, 2ie29. 3,
65 1 640 22863 1275.78 123600 {270.6% .99 1.9 W44 60,0 1,10 1760, 22514, 333,
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oot T HIT 12481 {236,006 1269.91 .97 L4 4.7 big 340 {700, 20238, 1.
8 LT60 5% 127475 (25600 §269.85 .99 LM 2.3 0.0 340 4700, 2134, 25,
B8 T MY {27447 135600 126980 W9 142 829.7 60.0 L0 1706, 24033, 17,
19 01 780 2094 127439 1256.00 {26974 .99 L.&2 Ba7.1 400 340 1760, 20933, %,
80 1 TN ZEIY 127450 125600 1249.6% .99 142 8643 &0.0 LD 1700, 20831, .
8 1 800 ATII 177447 1256.00 194 .97 143 B3 600 340 100, WM, i
82 1 810 20617 127434 1256.00 1269.59 .99 143 898.6 0.0 3.1 1700, 20638, 0.
Bl 1 JB20 20584 127476 136,00 $269.3F .99 L.4D M3.6 4000 JAL 1700, 20545, i
8 B30 20451 127418 (256,00 129,50 .9% L84 9304 400 LD 1700, 20453, iR
85 1 B0 20362 127410 125600 1Z69.43 .99 144 9.4 80,0 310 1700, 20344, &
86 1 LES0 20273 127402 1256.00 $269.41  .9% .44 96,2 L0 340 4700, 20273, &

71 860 I01B4 127R.94 1256.00 124936 .59 1.4 9825 &0.0 J.A0 iTo0, 20185, i,
88 ¢ 870 20097 1273.86 1296.00 1249.327 .99 (.45 899.4 400 310 M0, 20097, 0
8 1 B0 20000 127379 125400 {269.28 .99 1.4 1162 400 L.18 1760, 20010, G
01 8% 19923 {273,710 (256,00 {249.23 .99 L4 1032.7 604 140 1700, 19924, &,
S N1 {9838 1270.61 1236.00 {26919 .99 f.4¢ 1039.1 60,0 3.0 700, 19438, 0.
2 1 M0 19753 (27356 1600 126945 .99 AT 10653 MO0 340 106, 1975, f.
¥ % 19669 127348 1236.00 {269.16 .99 .47 10817 66,0 340 1700, 19649, 0.
41 .94 19505 (273,41 1236.00 128906 .99 .47 {0980 600 .08 {706, 19534, fiy

30 B0 19300 {37130 1256.00 1269002 .99 148 1454 50,0 339 00, 19503, iR

B-11



9%
97
58
k&l
1)

£33

101
102
{43
to4
{03
104
107
108
109
381
itf
112
143
{14
115
i14
17
{18
19
12
2
22
23
14
{2
124
127
128
129
130
K5
112
133

L N R R N T A

o=t}

958
Ry
S76
8¢
990

£ TTP(D
H R

1,008
.00
1,62
1,033
t.046
1.061
1,017
1,095
f.114
1,134
1.159
1,183
1.214
1,243
1,280
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2,342
2485
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1272.66
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RESERVAIR BEPLETION TABLE
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PROFILE OF CRESTS AND TIMES FOR MIHNEWAMA BRDOK
BELOH HOME REBERVOIR {ad

RUR MILE  MAX ELEV  MAY FLDN  TINE MAX  BAY VEL  FLOOD ELEV  TIME FLOGD
FROM DaH {FT) (k51 ELEVUHR)  (FT/SEC] (F1! ELEVLRR)
HIFEHE M BB SR BB B HERR

J2 128,79 M52 345 21,59 00 NCH
L9 128419 24683 0325 H.07 R b
LS80 121885 24649 325 20,49 Rl b

DIGCHARGE HYDROGRAPH FOR MINNEWAWA BRGIK .oo STATION RUMBER 1
BELOW HOME RESERVGIR DAM AT MILE 12

GAGE TERD = 1231,20  MAY ELEVATIGN REACHEL BY FLOOD WAVE = {169.7%
FLOOG STAGE NOT AVAILARLE
HAX BTAGE = 1839 AT TIME = 325 HOURS
WAL FLOW = 24327 A7 THHE = 323 HOURS

Bl STAGE  FLOW ¢ W00 10600 {5 ZobOE 23%¢
O A6 {650 ] ¢ I I I H [
40052 AWl & ] i I I i
20T EEL X L I [ I I
G0 5E T I I+ 1 I H I
A4 L4 1330 ] I I L I I
G 184 24066 1 1 I i #]
A 182 2WT6 ] I f I I L
G0 416 M 1 ! I 1 A
4 170 H7H [ H 1 I# I
164 {9RME ] ! I I ¥ I
40163 19019 1 I [ I f]
0159 (8% t I | I
2 155 17365 I ! I & ] [
A 0149 1424 ] i I It H I
4013 e I I t [ H
G 14T 13803 1 I I 11 § I
T KOV ¥ X5 I I+ 1 H 4
R VY B (LT l I & ] i I
4 127 1 ] I I# ! H I
A He 0 10043 I ¥ I ! H
0169 896 1 I #1 I [ I
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DISCHARSE HYOROGRAPH FOR NINNEWARA BRGOH oo STATION NUMBER 2
BELDY HOWE PESERVCIR DaM AT HILE A5

GAGE ZERD = 199,00 Hak ELEVATION REACHED 2 FLODD HAVE = {243.83
LOCD STAGD NOT avAiLaeLE

A% STAGE = 10,25 AT TINE = )

BAX FLOB = 2464% AT TIKE = 325

HR  STAGE  FLOW ¢ 5000 10008 15000 20000 25040
400530 1M Lo ! I I i i
4 59 AT ¢ I I I i !
S I T ¥ I I i
G0 108 699 1 I ¥ [ I { I
A0 154 12699 1 I I+ 1 I i
g o182 Il I i I H LI
b0 1950 23603 H { [ [ i ]
J 0188 T I i i [ % I
B0 184 20815 ! I ! [ I
A (IS 4 I i I 1 f
.0 6 1% 1 ! i i i I
25 BN Y AVRR 1.7 ) B I I I L I
f.2 1483 17380 1 I I I ¢ 1 {
td 163 163 I I I I I i
.4 15,7 13030 I i i f H I
1.3 15 13891 I I H +] I I
{6 1 12915 1 I I o] i I
f.7 t4i 12048 I I I H I I
.8 15E 1153 1 I [# I I H
19 430 My ] [ t I [ I
20 123 W7l 1 4] I i I
2.1 1.5 798G 1 I+ 1 I I !
2.2 1.9 T8 I ot I I I I
24 1.3 53 [ ¢ [ I I I
L8 e I# I I i I
5 %3 sl ¥ ! I I t
&6 BT 4 t [ I I I
2.1 ad BN I I i H i I
K T Y5 I £ ] I I i I
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HOAR, HATIDNAL WEATHER SERVICE
SILVER GRRING, HaRYLAMD 20910

HESHPH S R B L
FREFRRRRERERREFERFRRE R4 ERERHES

i+ 3T
s SUNMARY OF ZNPUT DATE 44
H $#

FEHHH IR R B EE R A 3
FERAERERRHREFEF R ERE R R R RHE 5SS

INPUT CONTRDL PARAMETERS FCR RUSSELL RES. [A¥

PARARETER VARIABLE
BRI M P U R R 833
HUMBER OF CYNAMIC ROUTING REACHES KK
TYPE OF RESERVOIR ROUTING KU1
RULTIPLE DAK INDICATOR AL 0AH
PRINTIRG INSTRUCTIONS FOR IMPUT SUHMARY kbxp
N0, &F AESERVEIR INFLON HYDROGRAPH PDINTS iTEH

INTERVAL OF CROGS-SECTION INFO PRINTED QUT WHEN JRM=9 NPRT
FLODD-FLAIN HODEL PARAMETER RFLP
LANESLIDE PARAMETER K3l

RUSSELL RES. bAK  RESERVDIR
TABLE OF ELEVATICN V5 VOLUME
VOLUME (ACRE-FEET)  ELEVATION {FT)

SA(K) , HBA K
FHAEH R B BRI RS
ind.0 1206, 00
353.9 1186.09
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YALUE
FHEREER

‘j,
h
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200,08 1.

A 1{67.490
B b
g L0
J Rl
0 REL

AUSSELL AE5. AW RESERVOIR
TABLE OF ELEVATION VS SURFACE AREA
SURFACE AREA {ACRES]  ELEVATION (F7}

SALK) HSALK]
PR Y R EERRRTEF

7.4 120004
63,10 {180.40
3.0 1477464
1.0 167,00
A Rt
g 40
RE R
R il

RUSSELL RES. DN RESCAVOIR AND BREATH PARAMETERS

PARAMETER UNITS VARIABLE YALUE
FHEHHPHIF R PR I P FRAEESE  REHHE BRI
LENGTH OF RESERVOIR i ALK i
ELEVATION OF HATER SURFACE FT i 180,08
SIDE SLOPE OF BREALH - 1 NI
ELEVATIEN OF B0TTOM OF BREACH T YBHIN  1947,00
RIOTH OF BASE OF BREACH F BB 9,00
TIKE 70 MALIAUM BREACH 5IZE HR TFH 0
ELEVATION (MGL: OF BOTTOM GOF DAM FT BATUE 115700
YOLUME-SURFACE AREA PARAMETER yoL 1.0¢

B~19



ELEVATION OF WATER WHEM BREACHEZ FT i 183,50
ELEVATION OF TOP OF DA FT ] 117,50
ELEVATICN OF UNCONTROLLED SPILLRAY (REST T HE? 1T

ELEVATION GF CENTER OF GATE OPENINGS P HE? qi
BISCHARGE COEF. FOR UNCONTROLLEL SRILLNAY £5 A
JISCHARGE COEF. FOR GATE FLOW { ig 0%
DISCHARGE COEF. FOR UNCONTROLLED WELR FLOW kit Ru
JISCHARGE THRY TURBINES 547 A

COD SHOULD MOT BE (.00 IF OVERTLPPING KAV ODCCUR

SPILLIK,1) HEAD (K, 1)

{. i
360, i
849, 2.0
1184, 2.3
1587, 3.0
2921, 4.0
47498, g
iR J

PHF (INTERVAL BETHEEN INPUT RYDROGRAPH ORDINATES) = W06 HRS.

TERITIME AT WHICH COMPUTATIONS TERMINATE) = 3,000 HRS,

INFLOW HYORDGRAPH TO RUSSELL RES. DM
EHEHH I O R 4B

194,00 2074,00 TS0 9L.00 4269%.00 PG00 I3603.00 1908200
B0I7.00 510760 2950.00

TIME OF INFLOW HYDROGRAPH ORDINATES



0ce 00 M 3000 Ak 33530 000
20000 25060 3,000

CADSS-SECTIONAL PARAMETERS FOR RINMEWARA BRODK
BELOW RUSSELL RES. DA

FARAMETER YARIABLE YALUE
R F RN IR A N R R R R H R HE SRR Y £ HE5E FEEETY
NUNBER OF CROSS-SECTIONS K5 §
HAXIMUK NUMBER OF TOP WIDTHS itk 4
NUMBER OF CROSS-SECTIOWAL HYZRDGRAPHS T3 ALOT KT7 b
TYPE OF GUTPUT OTHER THAN HYZROGRAPH PLOTS MR 3
{ROSS-GECTIONAL SHOOTHING PARAMETER K34 {
HOKNSTAEAM SUPERCRITICAL BR BOT KSURL L
HO. OF LATERAL INFLOW HYDROGRAPHS L& 4
0. OF POINTS IN GATE CONTROGL CURVE Kea 2

NUMBER OF CRISS-SECTION WHERE HYDROGRAPYH DESIRED
(HAY NUMBER OF HYDROSRAPHS = &}
R R C R T R 1

A I

CROSS-SECTIONAL VARIABLES FOR MINNEWAHA BRODN
BELOW RUSZELL RES. haM

PARARETER UNITS VARIABLE
FEHH R F RIS A R L F B T, O FRRRE  RMRREE

LOCATION OF CROSS-SECTION Kl St
ELEVATION (HSL) OF FLOODING AT CRGSS-SECTION FT  FSTRID

ELEY CORRESPONDING TC CACH TOP HIDTH B Ho ik, L

B-21
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TOF BEOTH CORRESPONGING TO EACH ELEV
{ACTIVE FLOW PORTIONI

TGP WIUTH CORRESPONDING TO EACH ELEY
{OFF-CHANNEL PORTION)

SURFACE AREA CORRESPONDING T
(ACTIVE FLOW PORTION)

SURFACE AREA CORRESPONDING TG EACH ELEV
{UFF-CHANNEL PORTIEN)

EACH ELEY

NUMBER OF CROSS-SECTION
NUMBER OF ELEVATIGN LEVEL

(ROGS-GECTION NUMBER 1
HE ISR

8 = 020 FETR{l} = A

HE ... 11590 {340.¢ 1143.0 {143,
BS ... 085400 120,80 1368,
BSS ... R 4 R .

CROSS-SECTION NUMBER 2
HEHHEH R
PTG = L0

i = 39

FI BRBR LG

H5 ... 11390 (1400 11527 (900

B ... J0 G T 398,
B5S ... 6 R N

{ROGS-SECTION NUHBER 3
R RS

{§tly = 760 FSVG{E: = Rei

B8 .. 1370 130,08 1140.¢

Y

ACRES  DSAMK, I}
ACRES  BSAIK, L
!
K
I8LED) = A0 iSRIL =
0
G
f
184D = R I5R(1} =
i
i
f5L1L) = R ESRIL) =

1.
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HS ... 1037.0. 1040.6 10B0.% $100.0
B8 ... Q0 8.0 450 7940
B3S ... 0 A R o

RANNING ¥ ROUGHNESS COEFFICIENTS FOR THE GIVEN REACHES
{CH(RT0 o K=1, NCS) BHERE [ = FEACH RUMBER

B-23

B ... 40 350 LG 9
B35 .., A B A R
CROSS-SECTION NUMBER 4
R R R HR S
180 = 1480 PSR = i AL = R SR{I} =
HS ... 170 1120.0 (148.0 L1A0.0
85 ... G360 NG 530
BSS ... A g o W
CROSS-SECTION NUKBER 3
FHEHHERE RS FREE R
K5I} = 1,840 FSTGUDN = 40 LR R f5fiE) =
HS ... 10970 80,0 f120.0 1148.0
BS ... GO0 300 LY 470
BSS ... 4 W W B
{ROSS-GECTION MUMBER 6
SHERFEIFHFREA B EF R EEEES
X8I = 2320 PRI = Rl 5L = A4 {SR{I =

2\

{



FHERHEEE PR R SR R R P R R R R R R R R S 3 8

REACH 1 ... .0e0 075 108 M40

-

REACK 2 ... 80 073 190 14
REACR 3 ... .60 073 LH00 136
REACH 4 ... &0 073 100 140
REACH 5 ... 073 085 L0100 .14

(ROS5-SECTIONAL VARIABLES FOR MINNEWAYA BRODK
BELOW- RUSSELL REZ. DAH

PARAMETER UNITS VARIABLE
FEERFFRFTRERFRIFEFERETRRHIRFERFERIFFRTHHE  HHH485F  HiF34F

HINIMUM COMPUTATIONAL DISTANCE USED il BRI
BETWEEN CROSS-SECTIONS '

CONTRACTION - EXPANSION COEFFICIENTS FECITD
BETHEEN CROG5-SECTIONS

RE4TH NUMBER DMLy FECID

FEEFREREREREEY 1R RHELEEEE
i .50 Aol
2 L5 S
] 5000
3 .50 REi
5 050 .00

DOWNGTREAM FLOH PARRMETERS FOR MINNEWAHA BR00K
BELOW RUSSELL RES. A
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PARANETER WITS YLRIARLE YaiUE
SRR RRPHRSERRF IR SRR R R E RS EREFERFRARREE  FRRHHET  BEEEFF  FRERELLBRRESE
HAY DISCHARGE AT DOWNSTREAM EXTREMITY {F3  gMALD 4
H4Y LATERAL QUTFLOW PROGUCING LOGSES CFSFT Gl L200
INITIAL SIZE OF TIME STEP iR OTHM 00
INITIAL BATER SURFACE ELEVATION DOUNSTREZ®  FT i LT
SLOPE OF CHANMEL DDWNSTREAM OF DaW FIfi  50M £3,00
THETA NEIGHTING FALTOR THETA gD
CONVERGENCE CAITERION £0R STAGE B 4 fogy Ll
TIHE AT WHICH DAM STARTS 70 FALL HE ¥ 3.0
T TSR P R ERRE T TILE T LT
FEEFRENFE R AR AR HE TR IIF 4R
15¥ ¥
e SUBMARY OF DUTPUT LATA #ws
i e
FEREFRIRHF SRR RRRPRFRF RIS LR FREERS
FEFRRERI L AN B AR A SR E R TELEES
CROGS-SECTION  BILE BoTTON REACH WO,  REACH  GigPE
N, ELEVATION LENGTH
FEET BILEE  FT/HI
i 7 1459.00
2 A7 139,400 f 37 54,403
3 g8 142700 ? 47 I2.43
4 .44 147.60 3 38 26,32
5 166 1097.00 4 52 38,44
& 2.3z 105790 5 bh 0.6

TGTAL HUKBER GF CADSS SECTIONS (ORIGINAL+INTERPOLATED) (N3 = 43

B--25
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SLOPE INFORMATION FOR INPYT REACHES

REACH HD. BATER  HYDRAULIC BOTTOM  OVNWAIC  TOTAL  CRITICAL HMANNING'S N
ELEVATION DEPTH  SLOPE  SLGPE  GLOPE  BLORE
FEET FEET FIMML FT/EI FIi FTiK

t 1149.00 230 534,05 Jb 354027 122230 kil
1 115000 G0 343 1.3 B.dy 1L 108
{ 1158.83 Lig 5405 T4 S T ¥ R T Y A0
1 f177.50 1.3 34,43 L% 3L% &L 146
2 1133.04 A6 3243 1.2 3406 93584 00
2 113500 f.11 3243 2,4 .68 BRI A8
2 1146.35 ST K IR VN X 432 3675 41540 Az
2 1443.00 .48 1243 1.3 1080 SRALET 430
3 112200 J3 2632 200 B.3F 0 847,49 A0d
3 123,00 {.50 26,32 277 W/ad TN 108
3 1140.00 L W.E2 33 M. 56577 20
3 Hse.00  H.29 2%.02 g.90 A5 M4 A4
4 1107.00 J3 0 JB.44 f.65-  dhil o #4749 A06
i 110,00 1,50 38.44 24w A o8
4 Hie.00 1117 3Rdh 498 4544 4957 A2
4 115000 298 384k 7.4 &M IHM 40
5 107700 J3 0 b0t t.e2 6202 919.8% 168
3 1080.00 1,50 40.64 1,87 &i4E 0 B3R i
3 f1oe.00 147 sht 444 M1 3R A5
3 120,00 2.9 804 3,83 44,43 536,90 4

B-26



{

TOTAL VOLUME IN RESERVGIR BEHING

RUSSELL RES, pafl = 577.8 ACRE-FEET

DEFINITION OF VARIABLES IN RESERVOIR DEPLETICN TABLE

PARAMETER

URITS VARIADLE

FHERRERRA R RS R R R RS LR AR R R FH RS HHRTEES  #REEEE

TIME GIEF FROH START OF ANALYSIZ
{TERATIONG RECESSARY TG SOLVE FLOW ERUATIDNS
ELAPSED TIME FAROM START OF aNALYSIS A28

TOTAL QUTFLOW FROK DAM ]
ELEVATION GF WATER SURFACE AT A FT
ELEVATION OF BOTTOM OF BREACH T

EST DEPTH OF FLOW IMMEDIATELY DOUNSTREAM Fi

SUBNERGENCE COEFFICIENT

VELOCITY CORRECTION

TOTAL VOLUME BISCHARGED FROM TINE OF DREACH AC-FT
BREACH WIDTH £ Ba

RECTANGULAR BREACH DISCHARGE COEFFILIERT

INFLOK T0 RESERVCIR 0Fs
BREACHE OUTFLOM {Fs
SPILLWAY DUTFLOH £Fs

RESERVOIR DEPLETIDN TARLE

K TTR{D) gl H2 ¥a i

sd VIR
P OB IREMGE FRRLREEY  PRRRREL DEREREY O RENRERE BEEY BRER DHEEEHERE O $3EE O OHEEE

i

aUE
Y(CR

QUTVL

WL B e gl

EEEE

49RECH
FHEE
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b ke bl e b el bl e e g M ol bk bt bbb i e bdn b pedu Bedh i ol hede P00 P T PO O B B D Pl wedn bl o P B PO B B3 IO RS P e Reie e Rl e Gy

Qi

Ji2h
052
RiTes
145
A3t
457
184
it
236
263
289
343
I8
J48
194
A2
Adk
A1
A9
Y]
334
378
b4
430
.U

650

DD

470
L0B{
i
i
40

120

J30

i
Gl
A
70
L7180
G
ARG
L0
B0
AL}

40

LERD
A0
870
B0

1673
169
1702
RS
1729
1738
fao4
1887
1949
2044
20T
238
260
2858
§277
3?4
7617
EL 1
11431
13534
15739
17872
19093
20118
20844
2105
21346
214362
#H1¥
21928
22
2248
2218
507
2219
211
22814
22963
0982
23033

Ay

23164

3282
13295
71344
23394
FALRR
13473
2354
23544

1480.0
{18008
118069
485,99
1180.11
1180,43
{180.18
118021
186,77
1180.36
115,44
1180.60
1180.76
1186,95
1181.18
1181.,40
118163
{181.88
182,14
182,42
1182.72
1182.5%8
1183.17
1183.30
183,40
1183.42
{183.43
1183.47
1183.4%
1183.50
{83.31
1183.51
118154
1183.51
1183.54
1183.50
183,49
1183.48
1183.46
{183.44
1183.42
183,40

1485.38 ¢

183,35
1183.32
1183.29
{1183.24
1181.2

1183.19
183,45

179,58
1179.50
117%.54
1479.5¢0
117%.50
1479.50
1179.50
1179.50
1179.50
479,50
1179.59
1479.50
1179.50
1479.56
1179.50
1479.50
1174.50
479,30
1179.50
179,50
117950
1479.50
1179.50
1479.50
117950
119,25
Hre. 40
1178.75
1178.50
1176.25
17800
1177.75
1177.50
177,25
1177.08
{176,715
176,50
1176.25
175,00
178,15
£175, 3Q

ooooo

174,50
174,23
74,00
17375
173,50
17422

{164,460
118639
1156.5%
115661
116664
166,87
1i66.78

1166.86 1

{456,598
{147,143
167,32
1167.54
1167.78

1168.06 1

1165.26
170,34
171,22
17244
1472.9¢
1173.48
174,41
1175.00
{175.4
117569
1173.8¢9
{175.9
1476.83
176.0%
1176.14
f176.18
1476.22
{176.2h
1176.30

S s eI s
o=
e ]

1 Hﬂ
L
{.00

£.00
.80
.00
{.00
1.00
.00
{.06
1.4
$.01

3162

Q8103

(176,33 1.0

1176.36
176,38
k.4

176,43 1.

{176.45
476,47
147648
176,30
1176.34
176,52
176,54

117635

176,36
1476.57
1174.58

176,39 1

1.4
1.04
1.05
1,05
1,06
1,06
1.06
.10
1.4%
.09
1,09
{.08
.04
1,08
.47
1.07
.67
1.07
i.47
1.07
i.04
1,06
f.05

i \.'6
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52,4

115.}
143.5
62,1
180.7
199.5
218.3
FAT;
254
5.2
294.7
1.4
3325
K53 8
o
9.4
9.7
§29.4
448.5
458,10

Rt
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ke
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ke

§3.2
43,0

=1}

T T St T rsp
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3o T T D e WD

e

A9

1494,
1794,
1894,
{794,
i,
packl
795,
34435,
407,
479,
3751,
be22.
5.
9348,
10344,
12343,
14441,
{Ha,
19630,
12140,
1049,
24283,
23917,
23551,
FAYIIR
2313
13338,

iy
LLZida

22811,
22699,

e E
Lidy

?£47J‘
22360,
22241,
22138,
02,
1568,
1795,
21682,
#5459,
1%,
21345,
H2A,
2,
2304,
20899,
.,
20604,
Py

Jis
(418,

l"\-dl l
.4_-.. I

5.
i#:
438
3:4
448,
583,
19,
345,
993,
{43z,
1342,
{53,
1554,
tqaa,
Fiih.
2344,
581,
2834,
1057,
KAEE
JasE,
1954,
1204,
LEER,

1454,
1595,
.
1714,
1736,
1756,
1804,
1357,
1956,
082,
147,
1385,
2602,
1859,
4278,
5923,
7618,
0444,
11454,
11554,
13746,

17673,
19093,

20118,
20844,
24053,
M,
#7375,
2189,
2574,
1633,
bbb,
H47h,
7882,
1627,
H57L,
2485,
4400,
28T,
24155,
24006,
70841,
70659,
70448,
0748,
09,
19774,
19548,
{9245,
14958,



I KT
Hi H OHEH
301 .89
Y S
SR S {1
5 1 .50
3504 .93
3001 940

71 .95
58 1 .G
%1 .
8 1 760
6 1 .99
62 1 1.600
63 1 LD
6 1 1.6
65 1 1.630
56 1 1.040
67 1 1.030
58 1 1,040
69 1 1.0%
%1 1080
o1 109
[ T 51
774 1.0
[ A
B4 130
w1 1140
77 1 1150
81 LK
% 1 147
86 1 (.80
8t 1 Li%0
82V L6
83 1 L2
84 1 1.2
B 1 L2
B 1 1240
B7 1 L350
B8 1 1.260
8 1 1.2
90 1 1280
M1 1.29
52 1 1,308
EA T G 51
Mot 132
P 1 L33
% 1 1380

§(I)
FHEEEERE

FASTA
2364
21640
13469
23693

TTTH
uidi

23745
23758
23790
73812
11832
23852
23871
238
21912
23913
23954
23976
23999
24021
74044
24048
24091
2445
24140
23447
22748
2157
1604
24104
kS0
20218
19851
19547
19202
18914
18643
18394
18235
{8452
18081
18008
{71935
17840
17783
{7709

RESERVOIR DEPLETION TABLE

H2
iR

183,11
118,67
118342
1182.98
148293
182,88
{182,832
{182.78
1182.72
182,66
1182.51
1182,55
1182.48
{182.42
1182.34
162,29
182,22
1182.15
1182.08
t182.0¢
1181.91
118186
1181.78
118470
118162
1181.54
{18147
t134.44
1181.35
181,30
1181.23
1481.2¢
t181.47
1181.13
1181.10
184,07
{1181.04
1181.01
1130.99
1180.94
1180.94
180,91
1180.89
1180.8¢
1180.84
1480.84

Y8
HEEHERE

173,00
1172.75
177,50
172,25
172,00
111,75
171,50
7.5
{174.00
170,75
£170.50
176,23
1470.90
1169.75
169,50
116925
1149.00
1168.73
168,50
1168.73
1148.00
116773
{157,540
1167.25
157,00
{167,904
1167.00
1447.00
{157.00
{167,080
1167.06
{16700
114700
116700
1167.00
118760
$167.90
116700
147,08
447,00
1147.00
$167.00
1167.00
1167.00
116708
{167.00

]
FEEEEEE

175,60
117,40
176,64
{176.62
1176.62
1176.61
117644
1375.54
1174.43
1176.45
176,86
117666
176,67
17647
174,68
117668
1176.69
176,49
176,70
176,70
1.1
1474.72
1176.72
176,73
1176.73
1176.33
1176.37
176,21
1476.07
175,94
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